There is an inverse association between birthweight for gestational age and blood pressure during adolescence. This association, however, is only disclosed when the negative confounding effect of the body mass index is controlled for. The same association is not found when the effects of birthweight and gestational age on blood pressure are analysed separately. It appears therefore that the elevation of blood pressure during adolescence only occurs when there was intra-uterine growth retardation.
The association of poor fetal nutrition and chronic diseases in adult life, such as arterial hypertension, diabetes, and coronary heart disease, has been documented in a number of studies published by Barker et al. in Britain, 1 but a causal association remains controversial. 2, 3 The inverse association between birthweight and blood pressure has been described for children and adults. 4 For adolescents, this association was not confirmed in Wales 5 and in a cohort study conducted in Israel, 6 but it has been described in recent studies in Sweden, 7 Holland 8 and Finland. 9 One study in a less developed country (Jamaica) with older children aged 6-16 years found an inverse association between birthweight and systolic blood pressure. 10 To investigate if there is an association between fetal nutrition (measured by birthweight for gestational age) and blood pressure during adolescence, in a population of a less developed country, we studied a group of 1076 adolescents aged [14] [15] 
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Increased blood pressure in adolescents who were small for gestational age at birth: a cohort study in Brazil Fernando C Barros and Cesar G Victora Background This paper studies the relationship between birthweight for gestational age and blood pressure in adolescents aged 14-15 years in southern Brazil.
Methods
A sample of 1076 adolescents belonging to a cohort of over 6000 children born in 1982 in Pelotas, southern Brazil, was studied in 1997. All households in a sample of 25% of the city's census tracts were visited and all adolescents born in 1982 were interviewed, weighed, and their blood pressures were measured twice. Data from the adolescents were linked to the database through their names and dates of births.
Results
High diastolic and systolic pressure (defined as Ͼ95th percentile) were significantly more frequent among adolescents who were born below the 10th percentile of birthweight for gestational age. No association was found between high blood pressure and low birthweight or preterm births. In a multiple linear regression analysis, the association between birthweight for gestational age and blood pressure was not statistically significant after adjusting for age, sex, skin colour and family income. However, when the current body mass index and height were added to the model both diastolic and systolic pressure were significantly associated with birthweight for gestational age, and adolescents who were small for gestational age at birth presented a mean elevation of 3.08 mmHg for diastolic pressure and 2.89 mmHg for systolic pressure.
years, who have been followed since birth in the city of Pelotas, southern Brazil.
Materials and Methods

The 1982 birth cohort
Details of the methodology of this cohort study were published elsewhere. 11 All births occurring in the maternity hospitals of Pelotas (pop. 300 000) in 1982 were included. Mothers were weighed, measured and interviewed during their hospital stay and their babies were weighed. The first follow-up study of this cohort took place when the children had a mean age of 12 months (9-15 months) and subsequent visits were conducted in 1984 (mean age 20 months) and 1986 (mean age 42 months).
At the beginning of 1997, all 20 000 households located in a systematic sample of 25% of the city 259 census tracts were visited by the research team. All adolescents born in 1982 were interviewed, and through their names, dates of birth and the name of the hospital where the birth occurred they were linked to the cohort number and to the database of the previous visits. This strategy was adopted because it was foreseen that use of 10-year-old home addresses would result in great losses and the study sample would be no longer representative of the original cohort. All adolescents were weighed, measured and their blood pressure was measured twice, at the beginning and in the end of the interview, in the sitting position with a calibrated aneroid sphygmomanometer with appropriate cuff size. Interviewers were medical students trained for one week in techniques of interviewing and anthropometric and blood pressure measurements.
Variables analysed in the study
Maternal weight at the beginning of pregnancy: obtained either by collecting the information on the mother's weight in the first 2 months of pregnancy from the antenatal care book or by asking the mother about her weight before the pregnancy.
Maternal height: mothers were measured soon after admission to the maternity hospital.
Family income: the sum of monthly incomes of all working people living in the household.
Maternal education: years of schooling completed with success. Birthweight: newborns were weighed immediately after birth with calibrated scales.
Gestational age: obtained from mothers' recall of their date of last menstrual period. Of the mothers, 21% could not remember this date and these were excluded from the analysis of gestational age and birthweight for gestational age.
Birthweight for gestational age: children who were below the local 10th percentile of birthweight for gestational age were considered as small for their gestational age.
Body mass index (BMI): calculated by dividing weight (kg) by the square of height (m 2 ). Adolescents and mothers were considered to be overweight if their BMI was equal or over the 85th percentile for age and sex. 12, 13 Adolescents' height: adolescents were measured with aluminium scales by the field team.
Blood pressure: was considered as the mean of the two available blood systolic and diastolic pressure measurements. 14 For diastolic pressure, phase V of Korotkoff sounds was used.
For children and adolescents high blood pressure levels are defined as the values between the 90th and the 95th percentile for age, sex and height, whereas hypertension is considered as levels over the 95th percentile, obtained in at least three different occasions. 15 As only two measurements were obtained in this study, levels over the 95th local percentile were adopted as cutoff points for high blood pressure.
Statistical analysis
The outcomes (systolic and diastolic pressure) were analysed as continuous and dichotomous variables in the bivariate analyses. In order to account for possible confounding variables, the continuous variables were analysed through multiple linear regression.
Results
In all, 1076 adolescents were found within 25% of the city census tracts. Considering that around 5662 adolescents from the 1982 cohort were believed to be still alive, 16 the expected number to be found in 25% of the city area would be 1416, if all adolescents were still living in the city. Therefore around 24.0% of the cohort population could not be found. Table 1 shows some of the main characteristics of the original cohort in comparison with the adolescents found in 1997, disclosing the proportion of children located in 1997 relative to 25% of the original cohort (since the target population was 25% of this cohort). There were fewer low income, low birthweight and preterm adolescents in the group found in 1997 than in the original cohort.
Six per cent of the adolescents were born with low birthweight, and this proportion was 4.3% for preterm and 8.3% for birthweight below the 10th percentile for gestational age (Table 1 ). In the latter group, over 94% of the adolescents small for gestational age were born at term (66/70). The 21% of adolescents with unknown gestational age were considered as missing cases for the calculation of the proportion of preterms and intra-uterine growth retardation. In this group the proportion of low birthweight was 16.3%.
Mean systolic and diastolic pressure for all the adolescent population were 114.2 mmHg and 67.9 mmHg, respectively, and the proportion of adolescents with high blood pressure (over the 95th percentile) was 6.6% for diastolic and 12.9% for systolic pressure. Table 2 shows the proportion of adolescents with high diastolic and systolic pressure and mean pressures according to some characteristics of the adolescents and their mothers. High diastolic pressure was significantly more frequent among black adolescents, those of low-income families and overweight adolescents. High systolic pressure was significantly more frequent among overweight adolescents, those whose mothers were less educated and had high pre-pregnancy BMI. Mean systolic pressure was higher among males, and those whose mothers had high BMI. Adolescent overweight was associated with higher mean systolic and diastolic pressure. Table 3 shows that low birthweight and preterm birth were not associated with increased blood pressure, but being below the 10th percentile of birthweight for gestational age was. In addition, adolescents with unknown gestational age presented higher systolic pressure than those whose gestational age could be calculated, but for diastolic pressure there were no differences. Table 4 shows the results of a multiple linear regression analysis in which the possible effects of confounding variables on diastolic and systolic pressure were controlled for, with the values of the beta coefficients provided for categorical variables. After adjusting for age, sex, skin colour and family income, there was no statistically significant association between birthweight for gestational age and systolic or diastolic pressure. However, when current BMI and height were added to the model there was a significant association between being under the 10th percentile of birthweight for gestational age and blood pressure. Small for gestational age adolescents presented an increase of 3.08 mmHg for diastolic pressure and 2.89 mmHg for systolic pressure. No statistically significant associations between blood pressure and low birthweight or preterm birth were found after adjustments.
The adjusted effects of the adolescents' current BMI and height on blood pressure are not shown in Table 4 . The increase of each unit of BMI elevated the diastolic pressure in 0.60 mmHg (SE 0.09; P Ͻ 0.001) and the systolic pressure in 1.05 mmHg (SE 0.05; P Ͻ 0.001). On the other hand, the increase of each centimetre in height elevated the diastolic blood pressure in 0.09 mmHg (SE 0.05; P = 0.06) and the systolic pressure in 0.23 mmHg (SE 0.05; P Ͻ 0.001).
Discussion
Some limitations may have affected the results of the present study. Firstly, it was not possible to locate 24.0% of the target population and the reasons for this loss are not clear, as supervisors repeated all visits and there were no indications of important emigrations in this population. However, since the proportion of children small for gestational age was not different in the located children and in the original cohort it appears that this loss was not responsible for any bias. Also, gestational age could not be calculated for 21% of the population, due to unknown last menstrual period. In this group the proportion of low birthweight was much higher than for the general population and systolic pressure was higher, but for diastolic pressure the values were not different. Finally, the information on blood pressure was obtained from two measures taken in the same day, whereas it would be preferable to have three measurements.
We found a statistically significant association between high systolic and diastolic pressure at age 14-15 years and birthweight for gestational age below the 10th percentile, after controlling for the possible confounding effect of a number of biological and socioeconomic variables, including current a Per cent of children located in 1997 relative to 25% of the original cohort.
b The figures of gestational age and intra-uterine growth retardation in the second and third column, are much lower than the totals shown in the last row, due to missing information.
BMI and height. The only other study on adolescents in less developed countries was conducted in Jamaica with children aged 6-16 years, 10 and found an inverse association between systolic blood pressure and birthweight. However, the results of this study were provided for the whole group of children and for those aged 10 years or less, and no information was disclosed only for the adolescent group.
Our data show that intra-uterine growth retardation leads to two situations during adolescent life that have opposing effects: it produces increased blood pressure, but, on the other hand, is also associated with decreased BMI, which in turn is associated with lower arterial pressure. Therefore, BMI is a negative confounder in the association between birthweight for gestational age and adolescent blood pressure, and if it is not INTRA-UTERINE GROWTH RETARDATION AND SUBSEQUENT BLOOD PRESSURE 679 accounted for in the analysis the association being sought may be not found. It is interesting that no association was found between low birthweight or preterm birth and blood pressure during adolescence, but only with birthweight for gestational age. This could explain why some studies that used only birthweight or gestational age did not find any association. In addition, since over 94% of the small for gestational age adolescents of the present study were born at term, it appears that the critical problems that lead to arterial hypertension in adolescence affect term infants who presented intra-uterine malnutrition. maternal nutritional status in pregnancy, and blood pressure at age 17: population based analysis. Br Med J 1997;315:449-53. 
